6.0 WIPE VERSUS VACUUM COMPARISON

The two naj or HUD prograns investigating |levels of lead in
househol d dust utilized different sanpling nmethods. 1In the
Denonstration Study, dust was w pe sanpled. In the National
Survey, dust was vacuum sanpled. As part of the CAP Study,
several side-by-side dust sanples were taken by the w pe and
vacuum sanpling nmethods. This chapter presents a conparison of
both the w pe and vacuum sanpling nethods. The nethods are
conpared across all substrates and by substrate.

To investigate the relationship between | ead | oading
determ nati ons nmade by the two nethods, four side-by-side sanples
were taken froma selected roomin each abated house. Two of the
sanpl es were taken by the vacuum nmethod and two by the w pe
met hod. Sanples were collected in 34 of the 35 abated houses
sanpled. In one house (House 61), all floors were carpeted so no
W pe/ vacuum conpari son sanples were taken. |n another house
(House 50), the substrate for one of the vacuum sanples was hal f
i nol eum and half concrete, so this house was included in the
conpari son of nethods pool ed across substrates, but excluded from
the anal ysis by substrate. O the remaining 33 abated houses,
one of the conparison sanples in house 21 was | ost during
analysis. This also happened to be the only house in which both
the wi pe and the vacuum conpari son sanples were taken froma
concrete floor. The three observed | oadi ngs were substantially
hi gher than corresponding neasures in all the other houses. The
anal ysis was perforned both with and without the data fromthis
house. The results were only slightly different when this house
i s excluded, but due to the inbalance it was excluded fromthe
cal culation of the results provided bel ow.

The geonetric neans of the paired floor | ead |oadings are
listed in Table 6-1 and plotted in Figure 6-1. In the figure,
| ead | oadi ngs from vacuum sanples are plotted versus |ead
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| oadi ngs fromw pe sanples. A solid reference |ine which
represents conpl ete agreenent between the two sanpling nethods is
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Table 6-1.

Vacuum versus Wipe Comparison Data:

Room

Geometric Mean Floor Lead Loadings (ug/ft?)

Substrat e Uni t Locat i on Dggﬁ#HH ng f%g
Concrete 21 LDY 4075. 33 333. 56
Li nol eum 93 KIT 6. 07 3.96
44 HAL 3.89 3.84
25 KIT 2.84 3.56
96 BAT 38.93 10. 41
46 BAT 0. 85 18. 07
77 KIT 5.63 6. 85
7 KIT 26. 77 7.34
18 KIT 34.81 5.82
69 KIT 51. 23 4.00
70 KIT 1.03 5.18
80 KIT 980. 96 21.10
10 KIT 11.83 7.37
40 BAT 1.03 4.83
50* BSM 4.57 5.57
71 KIT 21.35 23.31
81 KIT 3.47 39.70
31 HAL 87.02 52. 69
41 KIT 2.17 7.30
72 KIT 1.55 6.94
Tile 47 BA2 1.14 2.86
9 KIT 3.19 13. 37
90 KIT 552.54 69. 37
60 KIT 2.06 3.64
51 KIT 5.24 13. 05
Wood 74 BD2 48. 26 45.11
84 KIT 195. 17 14.76
94 KIT 27. 06 26.92
24 LDY 206. 14 4.24
55 LVG 10.53 10. 56
17 LVG 104. 66 6. 26
99 DI N 175.91 24. 71
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26.61

39 KIT 11. 24
28. 97

11 DI N 183. 66

*

The substrate for one of the vacuum sanples collected at this house was
hal f |inol eum and half concrete. Therefore, this house was excluded in
the estimation of multiplicative biases by substrate.
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Figure 6-1.

Vacuum versus wipe comparison: geometric means of side-by-side
floor lead loading (pg/ft?) measures. (Estimate of vacuum/wipe ratio

is 1.38; confidence interval
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al so plotted along with the best fit regression line. A
statistical analysis was perfornmed to quantify this rel ationship.
This is discussed in Section 6.1. Sanples taken on different
substrates (linoleum wood, concrete, or tile) are distinguished
by different plotting synbols in Figure 6-1. Since the

rel ati onshi ps between vacuum and w pe responses were different
for each substrate, the analysis was al so perforned adjusting for
substrate. This analysis is discussed in Section 6. 2.

The effect of roomtype on the w pe/vacuumrel ati onshi p was
al so investigated. Categories such as wet versus dry and eating
versus non-eating were considered. No significant differences
wer e observed.

6.1 ALL SUBSTRATES COMBINED

(e}

It was assuned that the relationship between vacuum and w pe
measures is |log-linear:

log(V) = 1log(") + $ log(W (1)

where V and Wrepresent the true expected | oadings by the vacuum
and wi pe nmethods. Restating the nodel in terns of the
untransforned | oadi ngs gi ves

Vo= tW. (2)

If $is not equal to one, the multiplicative bias between the two
sanpl i ng nmet hods changes with the nmagnitude of the neasurenents.
However, if $=1, there is a fixed multiplicative bias (') between
t he sanpling nmethods which does not change with the nagnitude of
t he measurements. Also, for $=1, the nodel of Equations (1) and
(2) sinplifies to the assunption that the ratio WV follows a

| ognormal distribution with geonetric nean ™.
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Since the vacuum and wi pe determ nations are both neasured
wth error, a sinple linear regression for (1) is inappropriate.
An errors-in-variables approach was used. Specifically, V and W
in (1) are not observed, but rather V¢ and W where

| og(V*)
| og(W)

log(V) + log(,), and
llog(W + log(™),

with , and * i ndependent and |ognormally distributed. Using
sinple linear regression produces biased estimtes of " and $.
However, fornulas to correct for these biases are known (See
Draper and Smth, 1981, p. 123), and were used in the results
that foll ow

All of the data described in Table 6-1 was used in this
analygis except for those sanples collected on concrete (House
21). Thus 33 pairs were used. The first step was to test the
hypot hesis of a fixed multiplicative bias (H,: $=1). The estimte
of $ was 1.32 with a standard error of 0.43. Since the
hypot hesis could not be rejected at any reasonabl e significance
| evel (p=0.46), the nmodel was then refitted with the $ paraneter
set to one. The estimate of the nmultiplicative bias (') of
vacuum over w pe neasurenents is 1.38 wth a 95% confi dence
interval of (0.75, 2.54). This result inplies that, on the
average, vacuum |l ead | oadings are 1.38 tines |arger than matching
w pe | ead | oadings on floors.

The precision of the vacuum and wi pe neasurenents is also a
rel evant quantity. On average, side-by-side vacuum neasures were
significantly nore variable than w pe neasures. The estinmated
| og standard devi ation for vacuum sanples was 0.96 with a 95
percent confidence interval of (0.77, 1.26) whereas for w pe
sanples it was 0.55 with a 95 percent confidence interval of
(0.45, 0.73).
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6.2 ADJUSTING FOR SUBSTRATE EFFECTS

The above approach was used to investigate the vacuuni w pe

rel ati onship separately for each of the substrate categories

sanpl ed.

For each of the substrates,

t he hypothesis of a fixed

mul tiplicative bias ($=1) could not be rejected at any reasonabl e

| evel .

estimates were derived assum ng $=1.
si de-by-si de conpari son sanpl es taken on concrete,
estimates are provided for this substrate.
(House 50)
sanples fromentirely the sane substrate.

Al so,

For each substrate separately, multiplicative bias
There was only one set of
SO no

i n one house
it was not possible to collect four side-by-side

Three of the sanpl es

were collected on |inoleumbut half of one of the vacuum sanpl es

was col l ected from concrete.

a1 . .
fromthe analysis for |inol eum sanples.

The estimated biases vary according to substrate.

Therefore this sanple was del eted

Ther e

appears to be a relationship between the snoot hness of the
Tabl e 6-2 displays the estimated

substrate and these bi ases.

mul tiplicative bias for each substrate along with confidence

bounds.

observed on both linoleumand tile,
i nterval s overl ap.
of the substrate.

The rati o observed on wood was different fromthe ratios
al t hough the confidence
The bias appears to increase wth coarseness
If the wipe nmethod fails to extract dust

particles enbedded in recesses on the substrate surface then this

rel ati onshi p woul d be expect ed.

Table 6-2. Vacuum/Wipe Multiplicative Bias Estimates
Esti mat ed
Vacuum W pe Lower Upper
Set s of Mul tiplicative Confi dence Confi dence
Substrate Observati ons Bi as Bound Bound
Tile 5 0. 69 0.12 3.90
Li nol eum 18 1.02 0.42 2.44
Wood 9 3.92 1.13 13.59
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